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DESCRIPTION 

GREEN-COMPACT ELECTRODE EOR DISCHARGE SURFACE TREATMENT, 
MANUFACTURING METHOD THEREFOR, METHOD AND APPARATUS FOR 

PERFORMING DISCHARGE SURFACE TREATMENT AND METHOD OF 
RECYCLING GREEN-COMPACT ELECTRODE FOR DISCHARGE SURFACE 

TREATMENT 

Technical Field 

The present invention relates to improvements in a 
green-compact electrode for discharge surface treatment with 
which a discharging operation is performed in working fluid 
to form a hard coating film on the surface of an object which 
must be processed, a manufacturing method therefor, a method 
and an apparatus for performing discharge surface treatmient 
and a method of recycling green-compact electrode for 
discharge surface treatment. 

Background of the Invention 

A conventional technique for performing discharge 
surface treatment has been disclosed in Japanese Patent 
Laid-open No. 9-192937. According to the foregoing 
disclosure, a material for producing a hard carbide, such as 
Ti^ is employed to serve as an electrode. Then, discharge 
is caused to occur with a metal material, which is a material 
to be machined;, so that a strong hard coating film is formed 
on the surface of the metal which is a material to be machined, 
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Fig. 5 shows a method of molding a green-compact electrode 
obtained by compression-molding metal powder or the like and 
arranged to serve as the electrode for use in the discharge 
surface treatment process. Referring to Fig. 5, reference 
numeral 51 represents a punchy 52 represents a die and 53 
represents a green-compact electrode in the form of powder. 
The powder green-compact electrode is compression-molded by 
using a mold. 

When the green-compact electrode shown in Fig. 5 is 
molded^ great pressure is generated on the side surfaces of 
the die 52 . Therefore, mold release characteristics required 
after the molding process are unsatisfactory. Thus^ there 
arises a problem in that the green-compact electrode obtained 
by compression molding is easily broken. Another problem 
arises in that the green-compact electrode is too brittle. 
Therefore;, there arises a problem in that the manufacturing 
yield of the green-compact electrode excessively deteriorates 
When the brittle green-compact electrode is employed in a 
discharge surface treatment^, there arises a problem in that 
the hard coating film formed on the object, which has been 
subjected to the discharge surface treatment, cannot be 
uniformed. 

To overcome the above-mentioned problems^ a mold release 
agent or a hardener is required. When oleic acid or the like 
is employed which is usually employed as a mold release agent 
for a sintered body, the mold release agent disperses and 
melted in the working fluid. Therefore, components in the 
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working fluid are changed. Therefore^ there arises a problem 
in that a coating film having a required quality and hardness 
cannot be formed on the surface of the object which must be 
machined. Also usual hardeners suffer from similar problems , 

Disclosure of the Invention 

To overcome the above-mentioned problems, a first object 
of the present invention is to improve the brittleness of a 
green-compact electrode for discharge surface treatment so 
as to form a stable and uniform hard coating film on an object 
which must be machined by performing discharge surface 
treatment using the green-compact electrode for the discharge 
surface treatment. 

A second object of the present invention is to improve 
the mold release characteristics and hardenability of a 
green-compact electrode for discharge surface treatment 
required to perform compression molding so as to efficiently 
manufacture the green-compact electrode for discharge surface 
treatment . 

A third object of the present invention is to obtain a 
method and apparatus for performing discharge surface 
treatment which do not exert an influence on the formation 
of a hard coating film on an object;, which must be machined, 
even if the discharge surface treatment is repeated and 
enabling the characteristics for forming a uniform coating 
film of the material of the electrode to be exhibited. 
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A fourth object of the present invention is to obtain 
a method of recycling a green-compact electrode for discharge 
surface treatment . 

A green-compact electrode for discharge surface 
treatment disclosed in a first aspect of the present invention 
is obtained by mixing a material of the green-compact 
electrode for discharge surface treatment and fluid which is 
the same as the working fluid, 

A green-compact electrode for discharge surface 
treatment disclosed in a second aspect of the present 
invention has a structure that a mixture ratio of the fluid 
which is the same as the working fluid with respecr to the 
green-compact electrode for discharge surface treatment is 
5 wt% to 10 wt%. 

A method of manufacturing a green-compact electrode for 
discharge surface treatment disclosed in a third aspect of 
the present invention comprises the step of: 
compression-molding a mixed material of a material of a 
green-compact electrode for discharge surface treatment and 
fluid which is the same as working fluid to manufacture a 
green-compact electrode for discharge surface treatment, 

A method of manufacturing a green-compact electrode for 
discharge surface treatment disclosed in a fourth aspect of 
the present invention comprises the step of: 
compression-molding a mixed material having a structure that 
a mixture ratio of the fluid which is the same as the working 
fluid with respect to the green-compact electrode for 
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discharge surface treatment is 5 wt% to 10 wt% to manufacture 
a green-compact electrode for discharge surface treatment. 

A method of performing discharge surface treatment 
disclosed in a fifth aspect of the present invention comprises 
the step of: using a mixed material of a material of the 
green-compact electrode for discharge surface treatment and 
fluid which is the same as the working fluid as an electrode. 

An apparatus for performing discharge surface treatment 
disclosed in a sixth aspect of the present invention 
comprises: a material of the green-compact electrode for 
discharge surface treatment and fluid which is the same as 
the working fluid which constitute the green-compact 
electrode for discharge surface treatment. 

A method of recycling a green-compact electrode for 
discharge surface treatment disclosed in a seventh aspect of 
the present invention comprises: a compression molding step 
for molding a mixed material of a material of the green-compact 
electrode for discharge surface treatment and fluid which is 
the same as the working fluid; a discharge surface treatment 
step for performing a discharge surface treatment process by- 
using an electrode obtained by compression molding; and a 
pulverizing step for forming portions in which the electrodes 
are left after the discharge surface treatment step has been 
completed into powder^ wherein the compression molding step 
and following steps are repeated after the pulverizing step 
has been completed- 



Brief Description of the Drawings 

Fig* 1 is a diagram showing a structure of a molded 
green-compact electrode for discharge surface treatment 
according to a first embodiment of the present invention; 

Fig. 2 is a cross sectional view showing a mold for use 
to perform compression molding of a green-compact electrode 
for discharge surface treatment according to the present 
invention; 

Fig. 3 is a structural view showing a concept of a 
discharge surface treatment apparatus; 

Fig. 4 is a block diagram showing a flow of a recycling 
process of a green-compact electrode for discharge surface 
treatment according to the present invention; and 

Fig. 5 is a diagram showing a conventional method of 
compression-molding a green-compact electrode for discharge 
surface treatment. 

Best Mode for Carrying Out the Invention 
First Embodiment 

Fig. 1 is a diagram showing the structure of a molded 
green-compact electrode for discharge surface treatment 
according to a first embodiment of the present invention. 
Referring to Fig. 1^ reference numeral 11 represents powder 
of metal;, such as W or Ti. Reference numeral 12 represents 
fluid which is the same as working fluid and which has been 
solidified by compression molding so that a green-compact 
electrode 1 has been molded. Fig. 2 is a cross sectional view 
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showing a mold for use in a process for compression-molding 
the green-compact electrode 1. Reference numeral 21 
represents a punch and 22 represents a die. 

Fig. 3 is a structural view showing a concept of a 
discharge surface treatment apparatus. Referring to Fig. 3^ 
reference numeral 1 represents a green-compact electrode^. 2 
represents an object 2 which must be machined, 3 represents 
a working tank, 4 represents oil-based working fluid of a 
kerosene type, 5 represents a switching element for switching 
voltage and an electric current which are exerted to the 
green-compact electrode 1 and the object 2 which must be 
machined and 6 represents a control circuit for controlling 
the switching operation of the switching element 5. 
Reference numeral 7 represents an electric power source, 8 
represents a resistor unit and 9 represents a formed hard 
coating film- 
Then, the discharge surface treatment according to this 
embodiment will now be described. To mold the green-compact 
electrode 1 shown in Fig. 1, a mixture of metal powder 11, 
which is a material of the green-compact electrode and fluid 
12 which is the same as the working fluid is injected into 
a die 22 structured as shown in Fig. 2. The punch 21 is 
operated to exert a pressure of about some hundreds of MPa 
so that the electrode is compression-molded into an arbitrary 
shape. The metal powder 11 and the fluid 12 which is the same 
as the working fluid are mixed with each other, and then the 
compression molding is performed. Therefore, an effect can 
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be obtained in that the mold release characteristics can be 
improved and bonding force of powder can be enlarged. 

A case in which the metal powder 11 is made of Ti v;ill 
now be described. Referring to Fig. 3, pulse-like discharge 
is caused to occur between the green-compact electrode 1 and 
the object 2 which must be machined while a proper gap (10 
um to tens of lO^m) between the green-compact electrode 1^ 
which has been compression-molded^ and the object 2 which must 
be machined is being maintained. Thus^ the green-compact 
electrode 1 is worn owing to the energy of the discharge. 
Therefore, carbon which is the component in the working fluid 
4 and Ti which is the component in the green-compact electrode 
1 react with each other^ causing hard TiC to be produced. As 
a result, the hard coating film 9 is formed on the surface 
of the object which must be machined- The fluid 12, which 
is the same as the working fluid and which has been mixed into 
the green-compact electrode 1 when the molding operation has 
been performed^ are dispersed and melted in the working fluid 
on discharge. Since the fluid 12 has the same components as 
those of the working fluid 4, change in the components and 
the component ratio in the working fluid 4 after dispersion 
and melting can be inhibited. Therefore, the discharge 
surface treatment which is performed by using the green- 
compact electrode 1 is free from adverse influence of 
dispersion and melting of the fluid 12;. which is the same as 
the working fluid and which has been mixed with the 



green-compact electrode 1, on the formation of the hard 
coating film on the object which must be machined. 

When the mixture ratio of the fluid 12, which is the same 
as the working fluid;, with respect to the green-compact 
electrode 1 is 5 wt% to 10 wt%, the mold release 
characteristics and brittleness realized after the green- 
compact electrode has been molded can considerably be improved. 
Therefore, breakage of the mold can be prevented. Moreover, 
no adverse influence is exerted on the formation of the hard 
coating film on the object which must be machined. The 
foregoing facts have been confirmed from experiments. 
Second Embo diment 

Although the first embodiment is structured such that 
the working fluid 4 is oil-based working fluid of a kerosene 
type, a polymer compound or its solution may be employed as 
the working fluid to obtain similar effects. 
Third Embodiment 

When the first and second embodiments are structured such 
that the green-compact electrode 1 employed to form the hard 
coating film 9 on the object 2 which must be machined is 
pulverized into sizes which can be compression-molded, the 
green-compact electrode can be reproduced by using the 
pulverized material . Fig. 4 is a block diagram showing a flow 
of a recycling process of the green-compact electrode 1. 
Referring to Fig. 4, reference numeral 41 represents a 
compression-molding step for compression-molding the mixture 
of the metal powder 11 and the fluid 12, which is the same 



as the working fluid^. to manufacture the green-compact 
electrode 1. Reference numeral 42 represents a discharge 
surface treatment step for forming the hard coating film 9 
on the object 2 which must be machined by using the 
green-compact electrode 1. Reference numeral 43 represents 
a pulverizing step for pulverizing a portion of the 
green-compact electrode left after the discharge surface 
treatment step has been completed. The material formed into 
powder in the pulverizing step 43 is adjusted in such a manner 
that the mixture ratio of the metal powder 11 and the fluid 
12 which is the same as the working fluid is made to be a 
predetermined value. Then, the compression molding process 
is performed. Thus, the material can again be used in the 
discharge surface treatment step 42 as the green-compact 
electrode 1. The components formed into powder in the 
pulverizing step 43 were analyzed. As a result, only the 
components of the metal powder 11 and the working fluid 4 
detected before the discharge surface treatment were observed. 
Therefore^ a fact was confirmed that the metal powder 11, which 
has not been subjected to the discharge surface treatment, 
does not degenerate owing to the discharge surface treatment. 
The reason for this lies in that great consumption of rhe 
green-compact electrode 1 owing to the energy of the discharge 
does not permit a portion on which an influence of heat 
produced by the discharge to be left in the green-compact 
electrode 1. That is, when the used green-compact electrode 
1 is pulverized, the powder of the used green-compact 
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electrode 1 is a mixture of the metal powder 11, which has 
not been subjected to the discharge surface treatment, and 
the working fluid 4. Thus, recycling of the green-compact 
electrode 1 is permitted. 

Since the present invention is structured as described 
above, the following effects can be obtained. 

The green-compact electrode for discharge surface 
treatment disclosed in the first aspect of the present 
invention is obtained by mixing the fluid which is the same 
as the working fluid and the material of the green-compact 
electrode for discharge surface treatment. Therefore, the 
brittleness of the green-compact electrode for the discharge 
surface treatment can be improved. Moreover, an effect can 
be obtained in that the discharge surface treatment using the 
foregoing green-compact electrode for the discharge surface 
treatmient enables a stable and uniform hard coating film to 
be formed on the object which must be machined . 

The green-compact electrode for discharge surface 
treatment disclosed in the second aspect of the present 
invention has the structure that the mixture ratio of the fluid 
which is the same as the working fluid with respect to the 
green-compact electrode for discharge surface treatment is 
5 wt% to 10 wt%. Therefore, effects similar to those 
obtainable from the first aspect of the present invention can 
be obtained- 

The method of manufacturing a green-compact electrode 
for discharge surface treatment disclosed in the third aspect 



of the present invention comprises the step of: 
compression-molding the mixed material of the material of the 
green-compact electrode for discharge surface treatment and 
fluid which is the same as working fluid to manufacture the 
green-compact electrode for discharge surface treatment. 
Therefore, the mold release characteristics and hardenability 
of the green-compact electrode for discharge surface 
treatment required in the compression molding process can be 
improved. As a result^ an effect can be obtained in that the 
green-compact electrode for discharge surface treatment can 
efficiently be manufactured. 

The method of manufacturing a green-compact electrode 
for discharge surface treatment disclosed in the fourth aspect 
of the present invention comprises the step of: 
compression-molding the mixed material having the structure 
that the mixture ratio of the fluid which is the same as the 
working fluid with respect to the green-compact electrode for 
discharge surface treatment is 5 wt% to 10 wt% to manufacture 
the green-compact electrode for discharge surface treatment. 
Therefore^, effects similar to those obtainable from the third 
aspect can be obtained. 

The method of performing discharge surface treatment 
disclosed in the fifth aspect of the present invention 
comprises the step of: using the mixed material of the 
material of the green-compact electrode for discharge surface 
treatment and fluid which is the same as the working fluid 
as an electrode. Therefore, repetition of the discharge 
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surface treatment does not exert an influence on the formation 
of the hard coating film on the object which must be machined. 
Hence it follows that an effect can be obtained in that uniform 
hard coating film can be formed and the film forming 
performance of the material of the electrode can be obtained. 

The apparatus for performing discharge surface treatment 
disclosed in the sixth aspect of the present invention 
comprises: the material of the green-compact electrode for 
discharge surface treatment and the fluid which is the sam.e 
as the working fluid which constitute the green-compact 
electrode for discharge surface treatment. Therefore^ an 
effect can be obtained in that the discharge surface treatment 
apparatus can be obtained v/ith which repetition of the 
discharge surface treatment does not exert an influence on 
the formation of the hard coating film on the object which 
must be machined. Hence it follows that an effect can be 
obtained in that uniform hard coating film can be formed and 
the film forming performance of the material of the electrode 
can be obtained. 

The method of recycling a green-compact electrode for 
discharge surface treatment disclosed in the seventh aspect 
of the present invention comprises: the compression molding 
step for molding the mixed material of the material of the 
green-compact electrode for discharge surface treatment and 
the fluid which is the same as the working fluid; the discharge 
surface treatment step for performing the discharge surface 
treatment process by using the electrode obtained by 
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compression molding; and the pulverizing step for forming 
portions in which the electrodes are left after the discharge 
surface treatment step has been completed into powder, wherein 
the compression molding step and following steps can be 
repeated after the pulverizing step has been completed. 
Therefore, an effect can be obtained in that recycling of 
the green-compact electrode for the discharge surface 
treatment is permitted. 
Industrial Applicability 

As described above^ the greem-compact electrode for 
discharge surface treatrntent according to the present 
invention is suitable for the discharge surface treatment 
operation in that a hard coating film is formed on the surface 
of an object which must be machined by performing a discharge 
process in working fluid. Also, a method of manufacturing the 
green-compact electrode for discharge surface treatment 
according to the present invention is suitable for 
manufacturing an electrode for the aforementioned discharge 
surface treatment. Further, a method and an apparatus for 
performing the discharge surface treatment according the the 
present invention are suitable for the aforementioned 
discharge surface treatment operation. Furthermore, a method 
of recycling the green-compact electrode for discharge 
surface treatment according to the present invention is 
suitable for the aforementioned discharge surface treatment 
operation. 



CLAIMS: 



1. A green-compact electrode for discharge surface 
treatment which uses a discharging operation in working fluid 
so as to form a hard coating film on the surface of an object 
which must be machined^ said green-compact electrode for 
discharge surface treatment being characterized by 
comprising: 

a mixed material of a material of said green-compact 
electrode for discharge surface treatment and fluid which is 
the same as said working fluid. 

2, A green-compact electrode for discharge surface 
treatment according to claim. 1, characterized in that a 
mixture ratio of the fluid which is the same as said working 
fluid with respect to said green-compact electrode for 
discharge surface treatment is 5 wt% to 10 wt% . 

3 . A method of manufacturing a green-compact electrode 
for discharge surface treatment charcterized by comprising 
the step of: compression-molding a mixed material of a 
material of a green-compact electrode for discharge surface 
treatment and fluid which is the same as v/orking fluid to 
manufacture a green-compact electrode for discharge surface 
treatment , 
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4 , A method of manufacturing a green-compact electrode 
for discharge surface treatment according to claim 3, 
characterized in that a mixture ratio of the fluid which is 
the same as said working fluid with respect to said 
green-compact electrode for discharge surface treatment is 
5 wt% to 10 wt%. 

5. A method of performing discharge surface treatment 
such that a green-compact electrode for discharge surface 
treatment is used and a discharging process in working fluid 
is performed to form a hard coating film on the surface of 
an object which must be machined, said method of performing 
discharge surface treatment being characterized by using a 
mixed miaterial of a material of said green-compact electrode 
for discharge surface treatment and fluid which is the same 
as said working fluid as an electrode. 

6, An apparatus for performing discharge surface 
treatment for forming a hard coating film on the surface of 
an object which must be machined by using a green-compact 
electrode for discharge surface treatment and by performing 
a discharging operation in working fluids said apparatus for 
performing discharge surface treatment being characterized 
by comprising: 

a material of said green-compact electrode for discharge 
surface treatment and fluid which is the same as said working 
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fluid which ccnsti 
discharge surface 



tute said green-compact electrode for 
treatment , 



7 . A method of recycling a green-compact electrode for 
discharge surface treatment including a discharge surface 
treatment step for forming a hard coating film on the surface 
of an object which must be machined by using a green-compact 
electrode for discharge surface treatment and performing a 
discharging operation in working fluids said method of 
recycling a green-compact electrode for discharge surface 
treatment being characterized by comprising: 

a compression molding step for molding a mixed material 
of a miaterial of said green-compact electrode for discharge 
surface treatment and fluid which is the same as said working 
fluid; 

a discharge surface treatment step for performing a 
discharge surface treatment process by using an electrode 
obtained by compression molding; and 

a pulverizing step for forming portions in which said 
electrodes are left after said discharge surface treatment 
step has been completed into powder^ wherein 

said compression molding step and following steps are 
repeated after said pulverizing step has been completed. 
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ABSTRACT 



A green-compact electrode (1) for discharge surface 
treatment for use in a discharge surface treatment operation 
for forming a hard coating film (9) on the surface of an object 

(2) which must be machined by performing a discharging 
operation in working fluid (4) is structured such that powder 

(11) made of metal^ such as W or Ti, and fluid (12) which is 
the same as working fluid are mixed with each other, and the 
mixed substance is compression-molded so that the green- 
compact electrode (1) for the discharge surface treatment is 
obtained . 
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- prosecute this application and transact ali business in the 
Patent and Trademark Office connected therewith {list 
name and registration number) 



John H. Mion, Reg. No.JS^aiSL^Xhonias J. Macpeak, Reg. N o^ 19;292; Rob ert J. Seas, Jr., Reg. No^^^2jU092LD§rryl Mexic, 
Reg. No.,J2il62;-Rpbert V. Sloan, Reg. NcL^2;Z2S^£eter D. Olexy, Reg. N o. 24513: J. F rank Osha, Reg. No.J2A^^2$^ 
Waddell A. Biggart, Reg. Loui s Gubinsky, Reg. No^4/3S: Neil B. Siegel, Reg. No^lS^QQU^avid J. Gushing, 

Reg. N(x28JQa^ohn R. Inge, Reg. No. 26, 916: Jo seph J. Rnch, Jr., Reg. No^26,iZ2iSheldon I. Landsman, Reg. No^25^430£^ 
Richard'TTTumer, Reg. No.._29Jlfl;JHQ5ird L. Bernstein, Reg. No ^5,665: A lan J. Kasper, Reg. No . 25.426: Ke nneth J. 
Burchfiel, Reg. No . 31333: Go rdon Kit, Reg. No ^ 30.764: Sus an J. Mack, Reg. No, 3.0>951;Jrank L. Bernstein, Reg. No, 

,iL484^ark Boland, Reg. No. 32,197: W illiam H. Mandir, Reg. Nou.^S6.; Sgott M. Daniels, Reg. No^32,S62lBrian W. 

"ISinonTReg. No. 32,778; A braham J. Rosner, Reg. N o. 33;276£ Bruce E. Kramer, Reg. N o^33,725: Pa ul F. Neils, Reg. No. 

JSjm^d Brett S. Sylvester, Reg. N o. 32.765 



Send Correspondence to: 

SUGHRl g, MION, Zim MACPE^ 
2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3202^ 



Direct Telephone Calls to: (name and telephone number) 
(202)293-7060 





Full name of sole or first inventor 
Hisashi YAMADA 




lnventor*s signature Date 

\j)^a^W\ \^wAaiAc\ December 14, 1999 




Residence 

Tokyo, Japan 'O 0 ^ 


mm 


Citizenship 
JAPAN 




Post office address 
c/o Mitsubishi Denki Kabushiki 
Kaisha , 




2-3, Marunouchi 2-chome, Chiyoda-ku 
Tokyo 100-8310, Japan 




Full name of second joint inventor, if any 
_,Akihiro GOTO 




Second inventor's signature Date 




Residence 

Tokyo, Japan ^ \ P-^ \/ 


mm 


Citizenship ^ 
Japan 




Post office address 
c/o Mitsubishi Denki Kbushiki 
Kaisha, 




2-3, Marunouchi 2-chome, Chiyoda-ku 
Tokyo 100-8310, Japan 



i:„ ) 



(Supply similar information and signature for third and 
subsequent joint inventors.) 
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